In the standard Big-Bang nucleosynthesis (BBN) model, the primordial 7 Li abundance is overestimated by about a factor of 2-3 comparing to the astronomical observations, so called the pending cosmological lithium problem. The 7 Be(n,α) 4 He reaction, which may affect the 7 Li abundance, was regarded as the secondary important reaction in destructing the 7 Be nucleus in BBN. However, the thermonuclear rate of 7 Be(n,α) 4 He has not been well studied so far. This reaction rate was firstly estimated by Wagoner in 1969, which has been generally adopted in the current BBN simulations and the reaction rate library. This simple estimation involved only a direct-capture reaction mechanism, but the resonant contribution should be also considered according to the later experimental results. In this work, we have revised this rate based on the indirect cross-section data available for the 4 He(α,n) 7 Be and 4 He(α,p) 7 Li reactions, with the charge symmetry and detailed-balance principle. Our new result shows that the previous rate (acting as an upper limit) is overestimated by about a factor of ten. The BBN simulation shows that the present rate leads to a 1.2% increase in the final 7 Li abundance compared to the result using the Wagoner rate, and hence the present rate even worsens the 7 Li problem. By the present estimation, the role of 7 Be(n,α) 4 He in destroying 7 Be is weakened from the secondary importance to the third, and the 7 Be(d,p)2 4 He reaction becomes of secondary importance in destructing 7 Be.
II. DERIVATION OF
7 BE(n,α) 4 
HE CROSS SECTION
By so far, there is only one direct cross-section measurement for the 7 Be(n,α) 4 He reaction. The experiment was performed by Bassi et al. [22] in 1963 by using the reactor thermal neutrons. Based on this limited information and the theory of nonresonant reaction, Wagoner made the first estimation of this reaction rate, which will be discussed in detail in the next section. In this section, we will present the method to derive the cross section of 7 Be(n,α) 4 He by using the available indirect experimental data.
About 30 years ago, King et al. [23] measured both cross sections of 4 He(α,n) 7 Be and 4 He(α,p) 7 Li. Under the assumption of charge symmetry, i.e., the neutron and proton configurations in the compound 8 Be nuclide to be identical, they calculated the total cross sections of 4 He(α,n) 7 Be based on their data measured for 4 He(α,p) 7 Li via the following equation,
where σ n0 and σ p0 are the cross sections leading to the ground states of 7 Be and 7 Li, respectively; and σ n1 and σ p1 are those leading to the corresponding first excited states. Here, P ℓ is the penetrability factor defined by [23, 24] :
where k is the wave number, R the channel radius, and In the astrophysical high-temperature environment the excited states of nuclei involved are thermally populated, which can also contribute to the total reaction rate [28, 29] . The first excited state in 7 Be is located at 429 keV, which is too high to make appreciable contribution in the total rate comparing to the ground state at BBN temperature region. Thus, it is appropriate to calculate the thermonuclear rate of 7 Be(n,α) Table I . It is worthy of noting that the ground-state contribution required is difficult to be extracted from the total cross section measured [23] 7 Li (g.s.), and the corresponding ones derived for 7 Be(n,α) 4 He, in units of mb. The adopted uncertainties in energies (in units of MeV) of Eα and Ec.m. are ±100 keV and ±50 keV, respectively [23, 25] . a The cross-section data are derived from those of 7 Li(p,α) 4 He with Eq. 1. Since their incident energies have no errors quoted in the original paper [26] , and we assume the same errors as in Refs. [23, 25] .
for
4 He(α,n) 7 Be, and also these data were only measured down to E α =39.43 MeV which is much higher than those measured for 4 He(α,p) 7 Li. In Eq. (2), the penetrability factor depends on the channel radius R, orbit angular momentum ℓ and incident center-of-mass energy E.
In the treatment of King et al., a channel radius of R=4.1 fm [i.e.,
2 ) with r 0 =1.41 fm] was utilized in both n+ 7 Be and p+ 7 Li systems. In the present calculation, the penetrability factor P ℓ (E, R) for p+ 7 Li is calculated by an RCWFN code [30] , and that for neutron is calculated using Eq. (2) with F ℓ and G ℓ values tubulated by Feshbach and Lax [31] . Since the α particle is the spinless boson, the wavefunction for two identical α particles must be symmetric under interchange. However, the wavefunction for an ℓ=odd state in 8 Be is antisymmetric by interchanging the two α particles. This implies that the compound state in 8 Be must have even parity for the incident α+α channel. We know that both ground states for 7 Li and 7 Be have odd parity, and hence the relative orbit angular momentum ℓ must be odd. Since the orbit
7 Li exit channels. For each energy points listed in Table I, we have calculated the 4 He(α,n) 7 Be (g.s.) reaction cross section, and the associated uncertainty is estimated by considering the uncertainties in both r 0 (in range of 1.1-1.5 fm [32] ) and incident energy (±100 keV [23, 25] [26] , and ultimately converted to those of 7 Be(n,α) 4 He. And we find that the interpolated results agree well with these three data points at E c.m. <0.1 MeV within uncertainties.
III. WAGONER'S ESTIMATION
The thermonuclear rate of 7 Be(n,α) 4 He has only been estimated by Wagoner [20] in 1969, which has been generally adopted in the current BBN simulations and the reaction rate library [19] . In Wagoner's paper, the reaction rate was calculated by an analytical formula
For the non-resonant neutron-induced reaction, <σv> can be expressed by [24, 29, 33] 
with S(0) the astrophysical S factor near zero energy. By comparing Eq. 3 and Eq. 4, the values of S(0) and and it's second derivativeS(0) (wrt velocity v) can be obtained by assuming a negligible first derivativeṠ(0). Thus, the direct-capture cross section for neutron-induced reaction can be calculated by [24, 33] ,
In this way, the cross section of 7 Be(n,α) 4 He is calculated as shown in Fig. 1 .
There is no any information on the sources of 7 Be(n,α)
4 He cross-section data used in the Wagoner's original paper [20] . Before his estimation, there was only one measurement made by Bassi et al. [22] at thermal neutron energy. Here, we have figured out the Wagoner's way of thinking. The total cross section of 7 Be(n,α) 4 He was assumed to be composed of two contributions, i.e., the s-wave capture of (n,γα), respectively. The former obeys the law of σ 2 ∝v, and the latter obeys the law of σ 1 ∝1/v [24, 34] . According to this way, Wagoner made his estimation based on an upper limit of σ 1 ≤0.1 mb and σ 2 =155 mb measured by Bassi et al. at thermal neutron energy. Actually, the p-wave dominates the cross section (or total rate) at the energy region of BBN relevant. Therefore, Wagoner actually gave us only an upper limit.
The Wagoner cross sections and ours are compared in Fig. 1 . It shows that the present results are overall lower than those of Wagoner (upper limit). However, our results are only derived based on the indirect experimental cross-section data (including both the direct-and resonant-capture contributions), further measurements [35, 36] are proposed to acquire the direct experimental data. In addition, the recent theoretical evaluation of TENDL-2014 [37] based on a TALYS calculation is also compared, which is entirely different from the present results as shown in Fig. 1 .
IV. REVISED THERMONUCLEAR RATE
The thermonuclear 7 Be(n,α) 4 He rate as a function of temperature was calculated by numerical integration of our experimental cross sections using the EXP2RATE code by T. Rauscher [38] . Rate values, obtained as the arithmetic mean between the low and high limits associated with the uncertainties on both the cross-section data and incident energies, are given in Table II . The present rate can be well parameterized (less than 0.4% error in 0.1-5 GK) by the following expression (e.g., in the standard format of Eq. (16) 
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Our new rate is about a factor of ten smaller than the Wagoner rate in BBN temperature range. As discussed above, Wagoner just presented an upper limit for this rate. Therefore, we propose here that the cross section σ 1 of 7 Be(n,α) 4 He at the thermal neutron energy is about 0.01 mb, one order of magnitude smaller than the previous upper limit [22] . 
